Individual leaves of potato (Solanum tuberosum L. W729R), a C3 plant, were subjected to various irradiances (400-700 nm), CO2 levels, and temperatures in a controUled-environment chamber. As irradiance increased, stomatal and mesophyH resistance exerted a strong and somewhat paraUeled regulation of photosynthesis as both showed a similar decrease reaching a minimum at about 85 neinsteins cm-2 sec-' (about '/2 of fuU sunlight). Also, there was a proportional hyperbolic increase in transpiration and photosynthesis with increasing irradiance up to 85 neinsteins* cm-2 sec-'. These results contrast with many C3 plants that have a near ful opening of stomata at much less light than is required for saturation of photosynthesis.
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Inhibition of photosynthesis by 21% 02 was nearly overcome by a 2-fold increase in atmospheric levels of CO2 (about 1,200 ng cm-3). Photosynthesis at 25 C, high irradiance, 2.5% 02 and atmospheric levels of CO2 was about 80% of the C02-saturated rate, suggesting that CO2 can be rte-limiting even without 02 inhibition of photosynthesis. With increasing CO2 concentration, mesophyll resistance decreased slightly while stomatal resistance increased markedly above 550 ng cm-3 which resulted in a significant reduction in transpiration.
Although potato is a very productive C3 crop, there is substantial 02 inhibition of photosynthesis. The level of 02 inhibition was maximum around 25 C but the percentage inhibition of photosynthesis by 02 increased steadily from 38% at 16 C to 56% at 36 C. Photosynthesis and transpiration showed broad temperature optima (16-25 C) . At higher temperatures, both the increased percentage inhibition of photosynthesis by 02 and the increased stomatal resistance limit photosynthesis, while increased stomatal resistance limits transpiration. Water use efficiency, when considered at a constant vapor pressure gradient, increased with increasing irradiance, CO2 concentration, and temperature.
In spite of the importance of potato as a staple food crop, only limited studies (9, 24) have been done on its carbon balance and water use efficiency relative to other crops with respect to environmental factors. Potato is a C3 plant with photorespiration based on its high CO2 compensation point; yet its productivity is high (average market yield in U.S.: 4.66 metric tons dry weight of tuber/ha4) (1) and even comparable to that of some C4 crops (30) balance as it effects carbon assimilation processes including photosynthesis, and carbon dissimilation processes including photorespiration and dark respiration. Photorespiration, compared with dark respiration, is a dominant component in carbon dissimilation processes in the light in C3 plants and is suggested to limit productivity (30) . Another gas exchange process, which is important in water use efficiency and productivity, is transpiration. Transpiration Plexiglas chamber similar to that designed by Ku and Hunt (21) . Eight ports in the side walls of the leaf chamber were connected to a closed and independent air-conditioning system which established the leaf temperature. The air is recirculating in this system at 13 1/min which minimizes the boundary layer resistance of the leaves to water vapor and CO2 transfer. Using filter paper of similar size and orientation as the leaves, the boundary layer resistance to water vapor transfer was determined to be 0.20 sec cm-l under such conditions. Leaf (Table I) . Downes (11) (Fig. 1) (Fig. 2) . The response of 02 inhibition of photosynthesis to irradiance conforms with results obtained with Rumex acetosa L. (17) and with Medicago sativa L. (22) . By contrast, percentage inhibition of photosynthesis by 21% 02 decreased throughout the entire range of irradiance studied, being 50% at 15 neinsteins cm-2 sec-I and 37% at 150 neinsteins cm-2 sec-' (Fig. 2) . A similar trend has been reported in alfalfa (22) .
At 21% 02, leaf temperature of 25 C, and an irradiance of 150 neinsteins * cm-2 sec-', photosynthesis increased with external CO2 concentration up to 1,115 ngcm-3 (Fig. 3) . At 1,115 ng cm-3 of CO2, photosynthetic rate was about two times higher than that at 600 ng . cm-3 (near atmospheric levels). Carbon dioxide compensation point, extrapolated from the plot of photosynthesis rate in normal air versus external CO2 concentration, was estimated to be 120 ng * cm-3 under such conditions. On the other hand, photosynthesis at 2.5% 02 was enhanced with increasing CO2 and saturated at a CO2 concentration of 900 ng cm3. In wheat, similar curves for CO2 assimilation with varying CO2 levels at 21% or 3% 02 has been recorded by Jolliffe and Tregunna (20) . Bjorkman (7) also observed somewhat similar results with Atriplex patula: at 1.5% 02 there was no significant difference between the rates of CO2 uptake at 550 ng-cm-3 and 1280 ngcm-3 CO2 and the rates of CO2 uptake were also quite similar at 1.5% and 21% 02 when CO2 concentration was kept at 1280 ng-cm3. With potatoes at 25 C, saturating light, and near atmospheric levels of CO2 (550 ng . cm-3), net photosynthesis would be increased 41% by elimination of 02. However, under these conditions without 02 inhibition, true photosynthesis is still limited by CO2. There was a 22% increase in photosynthesis under 2.5% 02 by increasing CO2 from atmospheric levels to saturating levels.
Mesophyll resistance decreased slightly with increasing CO2 concentration. Stomatal resistance remained relatively constant at low CO2 concentration but increased considerably above 600 ng * cm3, the usual atmospheric CO2 concentration. This is consistent with Gaastra's earlier observations (12) that there was no change in stomatal resistance at high irradiance in turnip leaves between 0 and 300 ,u1 1-l of C02, but increasing the CO2 level to 1,500 ,ul 1-' increased stomatal resistance from 2.5 to 5 sec cm-.
Transpiration remained fairly constant below a CO2 concentration of 600 ng * cm-3 and then dropped considerably at higher CO2 levels which was associated with an elevated stomatal resistance (Fig. 3) . At a leaf temperature of 25 C, water use efficiency increased rapidly with increasing CO2 concentration (Table I) . Similar results have been reported by Akita and Tanaka (4) in a number of C3 and C4 species. This resulted from an increase of net photosynthesis but a decrease of transpiration with increasing external CO2 concentration.
Oxygen inhibition of photosynthesis increased slightly with increased CO2 concentration from 350 up to 700 ng-cm-3 and then decreased sharply (Fig. 4) at 920 ng * cm-3 CO2.
The relationship between net photosynthesis, transpiration, and leaf temperature is shown in Figure 5 . With saturating light relatively cool climate (8) Oxygen inhibition of photosynthesis also showed an optimal temperature around 25 C (Fig. 6) . Apparently, there was no marked upward displacement of the optimum temperature for photosynthesis at 2.5% 02 relative to 21% 02. These results agree with those studies reported for individual leaves of soybean, sugar beet, and Atriplex hastata by Hofstra and Hesketh (16) , and individual leaves of alfalfa by Ku and Hunt (22) , in which maximum rates of 02 inhibition occurred at the temperature where rates of net photosynthesis were maximum. The present results do not agree with those recorded for individual leaves of sunflower (14) , and whole plants of wheat (20) and alfalfa (27) and wheat and rice (4), in which maximal 02 inhibition occurred about 10 to 15 C higher than that for maximal net photosynthesis. Based on available data, it is difficult to conclude that 02 inhibition of photosynthesis is closely associated with net photosynthesis. Badger and Andrews (6) and Laing et al. (23) (Figs. 1, 3 , and 5). These rates are comparable to or even higher than those previously reported for potatoes (9) . It appears that the reported rates of net photosynthesis in potato are lower than for most C3 crops, such as sunflower, tobacco and wheat (13) , and sugar beet (12) . However, the rate of net photosynthesis in potatoes may be influenced by source-sink relationship. Moorby (24) has showed that after tuberization, "4CO2 assimilation in potato leaves increased two to three times and this was accompanied by an increase in the amount of 14C moving into the tuber from the leaves. Plants employed in this study had not formed tubers. Net photosynthetic rates of outdoor-grown potato with tubers were also about two times higher than values reported here (Ku and Edwards, unpublished). An increase in photosynthetic capacity of potatoes with tuberization might contribute to its high productivity and deserves further investigation.
Oxygen inhibition of photosynthesis in potatoes was repressed by either increasing external CO2 concentration or decreasing 02 level down to 2.5% (Fig. 3) . These results therefore fit a current theory on the mechanism of 02 inhibition of photosynthesis that 02 competes for ribulose 1,5-diP carboxylase at the same site as CO2 (5, 26) . However, photosynthesis was still increased by further increasing CO2 above atmospheric levels even under conditions where 02 inhibition was suppressed (Fig. 3) 
